computational framework for the design and analysis of ecological experiments 23 (Underwood, 1997). As a data analysis tool, ANOVA is used in ecology for both 24 confirmative and explorative studies. When used in a confirmative study, the informative (Anderson et al., 2000) . On one hand, when an experiment is proposed, we almost always have reasons to believe that a treatment effect exists. Therefore, 39 we want to know the strength of the effect a treatment has on the outcome rather 40 than whether the treatment has an effect on the outcome. By using a significance 41 test basing the inference on the assumption of no treatment effect, we emphasize the 42 type I error rate (erroneously reject the null hypothesis of no treatment effect) often 43 at the expense of statistical power, especially when multiple comparison is used. On 44 the other hand, a nonexistent treatment effect can be shown to be statistically 45 significant if one tries often enough (hence the article by Ioannidis, 2005) .
46
From this practical perspective, we find the concept of variance components (Searle et al., 1992) We illustrate the multilevel ANOVA approach using a one-way ANOVA setting. For 66 a one-way ANOVA problem, we have a treatment with several levels, and the 67 statistical model is:
69 where β 0 is the overall mean, β i is the treatment effect for level i and 
84
The model error term ǫ ij is also modeled as from a normal distribution:
Or, equivalently, 
99
When there is more than one factor affecting the outcome, we can easily extend the 100 approach by using the same hierarchical representation of the additional factors. 
Data Sets and Models

107
We illustrate the multilevel ANOVA using three data sets. The intertidal seaweed regeneration ratio (% regenerated over % not regenerated).
130
Using the multilevel notation, this two-way ANOVA model can be expressed as:
where Y is the logit of regeneration rate, β 1i is the treatment effect (i = 1, · · · , and use the typical logistic regression model:
where y ij is the number of moths removed for morph i (i = 1 (dark) or 2 (light)), at between morph color and distance. Bishop (1972) between T ype and the two continuous predictors were considered.
191
3 Results
192
Results from using classical approach are presented in the supplementary materials. result, an emphasis on estimation is more informative than the hypothesis testing 247 approach which will almost surely lead to non-significant result.
248
4 Discussion
249
Our examples used some typical data sets encountered in ecological studies.
250
Although ANOVA is well suited for analyzing the seaweed grazer data, multilevel
251
ANOVA can be more informative and the graphical display is easier to understand and interpret. In many ecological studies, data are collected from observations or Gap.
